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A tissue web (W), which has improved 
formation and improved tensile properties "but no 
appreciable deterioration of retention and layer 
purity, if applicable, in comparison with tissue 
webs produced in conventional twin wire tissue 
formers, may be formed in a roll type twin wire 
former by draining 90-99 %, preferably 98-99 
%, of all drainable water from the slmry while 
on the forming toll (1), preferably a suction 
forming roll, the remaining 1-10 %, preferably 
1-2 % t of the drainable water being sufficient to 
have a substantial amount of the papexmaking 
fibers free in tho slurry during an initial phase 
of a subsequent step, and, downstream of said 
forming roll (1), draining said remaining 1-10 
%, preferably 1-2 %> from the slurry while 
vibrating the slurry sufficiently to create a micro- 
turbulence causing a small scale agitation of 
the fibers to prevent them from forming any 
appreciable fibrous web (W) on the two forming 
fabrics (3; 4) until the water remaining in the 
slurry is insufficient for allowing die fibers to 
substantially change their position relative to one 
another. The vibration frequency is at least 100 
Hz, and the vibrations may be provided by a 
multiblade hydrofoil (7). 
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A METHOD OF FORMING A TISSUE PAPER WEB 

TECHNICAL FIELD 

The present invention relates to a method of forming a tissue paper web in a twin wire 
5 former having a rotatable forming roll, said method including the steps of: injecting a jet 
consisting essentially of an aqueous slurry of papermaking fibers into a converging forming 
throat formed between two looped forming fabrics as they first converge to meet on a periphery 
of the rotatable forming roll and then partially wrap the forming roll periphery; sandwiching the 
aqueous slurry between the two forming fabrics and draining water from the slurry through at 
l0 kast one of them as they partially wrap the forming roll periphery; continuing the draining, and 
draining a sufficient proportion of water from the slurry to cause the papermaking fibers to 
form a fibrous web; running the two forming fabrics with the papermaking fibers sandwiched 
between them up to and around a section of a- second roll; and separating one of the two 
forming fabrics from the formed fibrous web and the other forming fabric no earlier than on 

15 said second roll 

In this context, the term "tissue paper" is intended to include any grade of "soft crepe 
paper" or other paper for sanitary purposes, whether creped or not when used by a consumer. 

BACKGROUND OF THE INVENTION 
20 Such a method is disclosed in US-A- 4,100,018 (Wahren et al.), for example, and is the 

met hod inherently used for forming a tissue paper web in a PERIF0RMER 9 -LW forming 
section of S-wrap configuration. Due to the rapid drainage of water from the slurry in high 
speed twin wire formers for tissue making (about 1800 to 2000 m/min or higher with a 
PERIFORMER®-LW forming section of Cwrap configuration), there is almost no time al all 
25 for the papermaking fibers to rearrange themselves or for the paper producer to exert an 

influence on the formation of the web, that is the manner in which the fibers are distributed, 
arranged and mixed in the structure of the web. Thus, the formation of a web produced in a 
twin wire former could be characterized as "frozen" and reflects the relative positions of the 
fibers in the stock just before the drainage starts. Any disturbance or imperfection at this point 
30 will inevitably be found in the web formed on.the draining of the slurry. An excellent 

distribution of the fibers in the slurry wiD result in an excellent formation, while a less perfect 
fiber distribution also will result in a less perfect formation and may appear as pin holes or 

streaking, for example. 

In twin wire formers for the production of newsprint and other printing paper grades, 
35 such as SPEED-FORMER HS by Valmet Paper Machinery Inc., and the one for the production 
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of lightweight coated grades of paper (LWQ disclosed in US-A- 4,790,909 (Harwood), the 
speeds used are much lower, about 1300 to 1500 m/min and about 900 to 1050 m/min, 
respectively. In these cases the web produced should have as close to one-sided surface 
properties as possible, that is a minimum of two-sidedness, and the retention of fines and fillers 
in the surfaces of the web should be comparable to that obtained in a fourdrinier former. 

PULP AND PAPER, December 1982, J. C W. EVANS "New twin wire former designed 
for maximum fines, solids retention", page 58, discloses a modified new design of the Bel-Baie 
n twin wire former. The new former, called Bel-Baie m, is reported to be designed to retain 
the formation of the Bel-Baie H and offer improved solids retention. It is also reported that the 
Bel-Baie H design is still recommended for all paperrnaking operations other than those using a 
high-fines furnish, or for tissue-making where the twin wire tissue former is preferred. 

DISCLOSURE OF THE INVENTION 
The main object of the present invention is to provide a method of forming a tissue web 
having improved formation and improved tensile properties without any appreciable 
deterioration of retention in comparison to tissue webs produced in conventional twin wire 
tissue formers. 

According to the present invention this object is achieved, in a method of the kind 
initially stated, by draining substantially all dndnable water from the slurry while in a zone 
curving along the periphery of the forrning roll up to where the two forming fabrics run off 
from the forming roll periphery, but leaving a sufficient proportion of drainable water to have a 
substantial amount of the paperrnaking fibers free in the slurry during an initial phase of a 
subsequent step, and draining, downstream of said zone, the left proportion of drainable water 
from the slurry while vibrating the slurry sufficiently to create a micro-turbulence causing a 
small scale agitation of the fibers to prevent them from forming any appreciable fibrous web 
until the water rerunning in the slurry is insufficient for allowing the fibers to substantially 
change their position relative to one another. 

In this context, the term "drainable water" is intended to mean the water that can be 
drained from the sandwiched slurry in the twin wire former by the use of conventional web 
forming technology. Even when all drainable water has been drained off, the newly formed 
paper web on leaving the web former may still have a moisture content of 85 %, for example. 

By draining all of the drainable water at the fonning roll, with the exception of a minor 
fraction left to permit a substantial amount of the fibers to be free to move on a small scale in 
the slurry and rearrange themselves under exposure to the vibrations, web formation is 
improved and, surprisingly, retention is comparable to the one obtained in a conventional twin 
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wire roll former instead of deteriorating due to the vibrations, as is the case in twin wire blade 
formers for the production of newsprint and other printing paper grades. 

Preferably, the micro-turbulence is achieved by vibrating the starry at a frequency of at 
least 100 Hz. Then, the papermaldng fibers in the slurry have no time to build an embryonic 
5 web on each of the two forming fabrics, and - at least in theory - it should be possible to 
achieve a total sheet set with the best possible formation by completing the draining of the 
slurry while the fibers are kept constantly agitated until there is not sufficient water left to 
permit agitation. 

In order to obtain vibrations of a small amplitude for creating the micro-turbulence, we 
10 prefer to provide a multiblade hydrofoil at a location downstream of the forming roll but 
upstream of the second roll, and to direct one of the forming fabrics across the foil blades of 
the multiblade hydrofoil. The hydrofoil has a plurality of equidistantly spaced foil blades of 
equal size, suitably at least four foil blades disposed on a center to center spacing on the order 
of 50 to 330 mm, for contacting a contiguous one of the forming fabrics, and defines a 
15 substantially convexly curved surface supporting said one forming fabric 

Although the installation of a multiblade hydrofoil in accordance with the present 
invention may be applied in various configurations of twin wire tissue formers, we prefer 
starting from a twin wire former of basically C-wrap type and disposing the multiblade 
hydrofoil within me loop of the forming fabric that constitutes an outer forming fabric relative 
20 to the forming roll and the other forming fabric, while the second roll being disposed within the 

loop of the inner forming fabric. 

It is also preferred to provide as forming roll a suction forming roll, and to drain the 
slurry through both of the forming fabrics in the zone where they wrap the forming roll In 
comparison with a plain-surfaced forming roll, a suction forming roll will contribute to 
25 improved formation at medium and high basis weights. This effect is more pronounced with 
recycled fibers and also with increasing basis weight. The wrap angle of the outer forming 
fabric on the suction fonning roll suitably is on the order of 15° to 45°, while on a 
plain-surfaced fonning roll it would be on the order of 45° to 135°. 

In order to have an optimum amount (suitably from about 1 % to about 10 %, preferably 
30 about 1 % to about 2 %) of drainable water left in the slurry when the partially drained slurry 
sandwiched between the two forming fabrics arrives at the multiblade hydrofoil, we prefer to 
provide a headbox for discharging the slurry into the forming throat, provide a breast roll for 
the outer fonning fabric immediately upstream of the forming throat, and swing the headbox 
and the breast roll as one assembly around a rotational axis of the forming roll to adjust the 
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degree of wrap of the outer forming fabric on the forming roll, and thereby also adjust the 
proportion of drainable water drained from the slurry at the forming rolL 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic side elevational view of a roll type twin wire tissue former modified 
into a roll-and-blade former by the installation of a multiblade hydrofoil in accordance with one 

embodiment of the present invention. 

Fig. 2 is an enlarged scale side elevational view of the multiblade hydrofoil shown in 

" Fig. 3 is a graph illustrating the improvement in formation of virgin fiber webs produced 
at various speed differentials in the ron-and-blade former of Fig. 1 over those produced under 
similar conditions in two prior art C-wrap formers having an open-surfaced forming roll and a 

plain-surfaced one, respectively. 

Fig. 4 is a graph illustrating the improvement in formation as a function of MD/CD 
tensile ratio in virgin fiber uncreped webs produced in the rolkmd-blade former of Fig. 1 over 
those produced under similar conditions in two prior art C-wrap formers having an • 
open-surfaced forming roll and a plain-surfaced one, respectively. 

Figs. 5 and 6 are graphs similar to Figs. 3 and 4, respectively, but with recycled fibers 

substituted for the virgin fibers. 
t> F»g. 7 is a graph illustrating the improvement in formation as a function of basis weight 

of virgin fiber uncreped webs produced in the roll-and-blade former of Fig. 1 over those . 
produced under similar conditions in two prior art C-wrap formers having an open-surfaced 
forming roll and a plain-surfaced one, respectively. 

Fig. 8 is a graph illustrating the improvement in tensile efficiency of virgin fiber creped 
* webs produced at various speed differentials in the roll-and-blade former of Fig. 1 over those 
produced under similar conditions in a prior art C-wrap former having an open-surfaced 
forming roll 

Fig. 9 is a graph illustrating the improvement in tensile efficiency as a function of 
MD/CD tensile ratio in virgin fiber uncreped webs produced in the roll-and-blade former of 
30 Fig. 1 over those produced under similar conditions in a prior art C-wrap former having an 

open-surfaced forming rolL 

Fig. 10 is a graph illustrating the layer purity in a three-layer web produced in the 

roll-and-blade former of Fig. 1. 
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Res. 11, 12, 13 and 14 are schematic side elevational views of four additional roll type 
twin wire tissue formers modified into roll-and-blade formers by the instaDation of a multiblade 
hydrofoil in accordance with the present invention. 

5 DETAILED DESCRIPTION OF THE MOST PREFERRED EMBODIMENT 

Basically, the former illustrated in Fig. 1 is a conventional roll type twin wire tissue 
former that has been modified in some respects in view of the method steps carried out, in 
accordance with me present invention, for forming a tissue paper web W in a twin wire former 
having a rotatable forming roll 1. A known method of forming a tissue paper web in a 

10 conventional roll type twin wire tissue former includes the following steps: 

a) Injecting from a headbox 2 a jet consisting essentially of an aqueous starry of 
papermaking fibers in water into a converging forming throat 5 formed between two looped 
forming fabrics 3 and 4 as they first converge to meet on a periphery of the rotatable forming 
roll 1 and then partially wrap the forming roll periphery. Fabric 3 constitutes an outer forming 

IS fabric in relation to fabric 4 in a zone where the fabrics partially wrap a portion of the forming 
roll periphery, and forming roll 1 is located inside the loop of the inner forming fabric 4. The 
illustrated headbox 2 is a multilayer headbox for discharging a mnltilayered jet of stock into the 
forming throat 5, more precisely a three-layer headbox, but it might as well be a two-layer 

headbox or a single-layer headbox. 
20 b) Sandwiching the aqueous slurry between the two forming fabrics 3 and 4, and 

draining water from the slurry through at least one of them as they partially wrap the forming 
roll periphery. 

c) Continuing the draining, and draining a sufficient proportion of water from the 
slurry to cause the papermaking fibers to form a fibrous web W. 
25 d) Running the two forming fabrics 3 and 4 with the papermaking fibers sandwiched 

between them up to and around a section of a second roll 6. 

e) Separating one of the two forming fabrics 3 and 4 from the formed fibrous web W 
and the other forming fabric no earlier than on said second roll 6. 

In order to provide a method of forming a tissue web having improved formation and 
30 improved tensile properties without any appreciable deterioration of retention and layer purity, 
if applicable, in comparison to tissue webs produced in conventional twin wire tissue formers, 
the known method above is supplemented with the following steps in accordance with the 
present invention: 

f) Draining substantially all drainable water from the slurry while in a zone Z curving 
35 along the periphery of the forming roll 1 up to where the two forming fabrics 3 and 4 run off 
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from the fomung roll periphery, but leaving a sufficient proportion of dnunable water to have a 
substantial amount of the papermaking fibers free in the slurry during an initial phase of step 

g); and 

g) Draining, downstream of said zone Z, the left proportion of drainable water from 
5 the slurry while vibrating the slurry sufficiently to create a micro-turbulence causing a small 
scale agitation of the fibers to prevent them from forming any appreciable fibrous web until the 
water remaining in the slurry is insufficient for allowing the fibers to substantially change their 

position relative to one another. 

Preferably, the micro-turbulence is achieved by vibrating the slurry at a frequency of at 
to least 100 Hz. Then, the papermaking fibers in the starry have no time to build an embryonic 
web on each of the two forming fabrics, and - at least in theory - it should be possible to 
achieve a total sheet set with the best possible formation by completing the draining of the 
slurry while the fibers are kept constantly agitated until there is not sufficient water left to 
permit agitation. 

15 In order to obtain vibrations of a small amplitude for creating the micro-turbulence, we 

prefer to provide a mulublade hydrofoil 7 at a location downstream of the forming roll 1 but 
upstream of the second roll 6 as shown in the embodiment illustrated in Fig. 1. There the 
hydrofoil 7 is located inside the loop of the forming fabric that constitutes the outer forming 
fabric 3 in relation to the forming roll 1 and the other fonning fabric 4 in the twin wire former, 
while the second roll 6 is located inside the loop of the inner fonning fabric 4. The hydrofoil 7, 
which is shown on a greater scale in Rg. 2, has a plurality of elongate eqnidistantly spaced 
wear-resistant foil elements 8, which are arranged in a side by side relationship and extend over 
the width of the fonning fabrics 3 and 4. The vibrations of small amplitude are obtained by 
directing one of the fonning fabrics, in the embodiment illustrated in Hg. 1 the outer forming 
fabric 3, across the foil elements 8. Suitably there are at least four foil elements 8 of equal size 
disposed on a center to center spacing on the order of 50 to 330 mm, for contacting a 
contiguous one 3 of the fonning fabrics 3 and 4, and they are located so as to define a 
substantially convexly curved surface supporting said one forming fabric 3. In view of everyday 
language, the foil elements 8 henceforth will be referred to as foil blades irrespective of their 
actual shape, which may be similar to a substantially square rod, for example. 

to the preferred embodiment illustrated most clearly in Rg. 2, the hydrofoil 7 has nine 
f oil blades 8 mounted on a box-shaped carrier 9 to form the convexly curved support surface, 
which may have a radius of curvature on the order of 5 m. The shown foil blades 8 are of a 
basically rectangular cross sectional shape and have a width on the order of 50 mm with the 
exception of the leading foil blade, which is extended on its leading side to form an edge 
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defined by a top surface and a leading lateral surface of the foil blade and enclosing an edge 
angle on the order of 45°. The leading as well as the trailing lateral surfaces of the other foil 
blades have top portions sloping inward at angles on the order of 15°, so that the formed 
enclosed edge angle will be on the order of 75°, and so that said other foil blades will be 
5 symmetrical All of the foil blades 8 have a top surface that forms a part of the curved fabric 
supporting surface. This top surface is provided with a longitudinally extending crest located 
about 25 mm from the trailing edge of the foil blade, and from this crest both the leading and 
the trailing portions of the top surface slope downwards at a small angle, preferably on the 
order of 0.25°. 

10 By means of a partition 10 the carrier 9 for the foil blades 8 is divided into a leading 

compartment 11 and a trailing compartment 12, both of which are provided with outlets 13 and 
14, respectively, for water drained from the sandwiched slurry at the end of the web forming 
step. Both of the compartments are also provided with stub pipes 15 and 16, respectively, for 
connection over suitable pressure conlrollingmeare, not shown, tea vacuum system, also not 
15 shown, for assisting in the draining. Stub pipe 16 is mounted in a top wall of trailing 
compartment 12 out of reach for possible splashes of drained water, while stab pipe 15 is 
mounted in a rear wall of leading compartment 11 and is protected from splashing water by a 
shield plate 17 interposed between the stab pipe and the foil blades. Alternatively, the vacuum 
system is provided with a water separator, not shown, and is connected to the outlets 13 and 
20 14. At its top, the carrier 9 is pivotally hinged in two brackets 18, one of which is shown in 
Fig. 1, and the brackets are adjustably mounted to a frame member 19 of a framework for the 
twin wire former. Spaced from the two brackets 18 there are provided two carrier position 
adjusting means, one of which is shown as a rod 20 having one end pivotally connected to the 
carrier 9 and the other end adjustably connected to another frame member 21 of the framework. 
25 In the preferred embodiment illustrated in Fig. 1, the forming roll is a su ction forming 

roll 1, and a breast roll 22 for the outer forming fabric 3 is located inside the forming fabric 
toopln such a position in relation to the forming roll 1 and the multiblade hydrofoil 7 that the 
outer forming fabric 3 will wrap the periphery of the suction fonning roll 1 over an angle o on 
the order of 15° to 45 s . While a plain-surfaced forming roll may be used, it is less preferred and 
30 it would require a wrap angle a on the order of 45° to 135°. Irrespective of what type of 

fonning roll is being used, in cases where a broad range of basis weights is to be produced on 
the roll-and-blade former according to the invention it may be advantageous to design the 
former so as to permit a swinging of the headbox 2 and the breast roll 22 as one assembly 
around a rotational axis of the fonning roll 1- Thereby it will be possible to adjust the degree of 
35 wrap (angle a) of the outer forming fabric 3 on the fonning roll 1 and, consequently, also 



PCT/SE94/00463 

WO 94/28242 ™" w 




8 



10 



IS 



20 



25 



30 



control the proportion of drainable water drained from the slurry at the forming roU 1. Suitably, 
from about 90 ft to about 99 ft, preferably about 98 ft to about 99 ft, of the drainable water 
should be cirained from the starry at the forming roll 1, so that not more than from about 1 % 

1D ^10ft.i«ftB^^l%1o^2* rfted ^ te ~ I ^ tatod ^ 

on its arrival at the multiblade hydrofoil 7. This small remaining amount of drainable water will 
result in the advantage that there will be no deterioration in retention and/or in layer purity, yet 
it will facilitate the achievement of a sudden "total sheet set" 0. e. in principle no formation of 
embryonic webs on the forming fabrics 3 and 4 with starry of a lower consistency sandwiched 
between them), which we believe requires a continuous small scale agitation of the fibers, until 
tie water remaining in the starry is insufficient for allowing the fibers to substantially change 

their position relative to one another. 

After the forming of the web W at the multiblade hydrofoil 7 the web runs sandwiched 
between the two forming fabrics up to and around the second roll 6. This roll is shown as being 
a plain-surfaced roll but, if desired, it might as well be a suction. roU to assist in the removal of 
water from the web W . In the embodiment illustrated in Fig. 1, a plain surface on the second 
roll 6 gives the advantageous "table roU effect", which will assist in adhering the web W to the 
inner forming fabric 4 when the outer forming fabric 3 on leaving the second roll € is deflected 
a small angle from the inner forming fabric 4 and the web V carried thereby. To ensure the 
desired transfer of the web W to the inner forming fabric 4, a transfer suction box 23 may be 
provided downstream of the second roll 6 inside the inner forming fabric loop. 

to order not to unnecessarily crowd the drawings, some apparatus, which constitutes no 
part of the present invention but is necessary or advantageous for running a twin wire former, is 
not disclosed. As an example, there is a first save-all, not shown, located between breast roll 22 
and hydrofoil 7 for collecting white water drained through the outer forming fabric 3 in zone Z 
and thrown outward from the forming roll 1. Further, on the opposite side of the inner forming 
fabric 4 there is a white water deflector, not shown, mounted in a closely spaced relationship to 
the inner forming fabric 4 immediately downstream of the point where the forming fabrics ran 
away from the forming roll 1- The deflector is provided with a curved extension extending over 
the top of the forming roll 1 to a second save-all, not shown, located on the right-hand side of 
forming roll 1 in Eg. 1 for collecting white water that has passed through the inner forming 
fabric 4 into the suction forming roll 1. where it has been temporarily stored until the forming 

fabrics leave the suction zone. 

Figs. 3 to 10 illustrate the improvement in some relevant properties of a tissue paper web 
formed in accordance with the present invention. In Figs. 3 to 9 open square dots (□) represent 
, measured values relating to tissue webs formed in a roU-and-blade twin wire tissue former of 
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the kind shown in Kg. 1, while solid square dots (■) and solid delta dots (*) represent measured 

values relating to webs formed in a conventional C-wrap twin wire tissue former having a 

suction forming roll and a plain-surfaced forming roll, respectively. 

The difference between the speed (V^, t ) of the stock jet ejected from the headbox 2 and 
5 the speed (V^) of the forming fabrics 3 and 4 affects the formation of the web W. Figs. 3 and 

4 are graphs illustrating the variations in "beta formation" with varying speed differentials and 

varying MD/CD tensile ratios, respectively, and all beta formation values that we refer to are 

measured on uncreped web samples. 

The term "beta formation" means standard deviation in basis weight as measured by beta 
10 radiation. Consequently, a low beta formation value is better than a high one. A suitable 

instrument for measuring beta formation is the AMBERTEC Beta Formation Tester available 

from Ambertec Oy, Espoo, Finland. 

The term "MD/CD tensile ratio" means the tensile strength of a web in its length 

direction (i. e. the machine direction) divided by that in the cross direction of the web. The 
15 tensile strength tests were carried out in accordance with standardized test procedure TAPPI 

T-494 (SCAN-P 44:81). 

In fig. 3 most of the dots are provided with a two-digit decimal number indicating the 
MD/CD tensile ratio of a test web of a specified beta formation and produced at a specified 
speed differential in a ioll-and-blade former, a C-wrap former having a suction forming roll, 
20 and a C-wrap former having a plain-surfaced forming rolL The test values in Fig. 4 relate to 
uncreped webs, while the MD/CD values in Fig. 3 relate to creped webs. In other respects the 
webs having the test results illustrated in Figs. 3 and 4 are identical and consist essentially of 
virgin fibers and have a basis weight of 20 g/m 2 . All basis weights that we refer to are 
measured on uncreped web samples, and the virgin fibers were 50 % Scandinavian softwood 

25 and 50 % eucalyptus, and the webs were prepared from a stock having a freeness value of 

about 600 CSR Freeness value, or CSF-number (Canadian Standard Freeness), is a measure of 
the drainabHity of the stock and is determined according to standardized test procedures, e. g. 
TAPPI T-227 (SCAN-C 21 or SCAN-M 4). 

The webs, on which the test results illustrated in figs. 5 and 6 are based, differ from 

30 those in figs. 3 and 4 only in consisting essentially of recycled fibers from computer print-out 
The stock of recycled fibers had a freeness value of about 250 CSF. 

Figs. 3 to 6 clearly show that in comparison with tissue webs formed in conventional 
twin wire roll type formers, where as a rule a not very satisfactory formation has to be accepted 
in case high MD/CD tensile ratios are desired, webs formed in accordance with the present 

35 invention maintain a very satisfactory formation even at high tensile ratios. As illustrated in 
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Figs. 3 and 5, the beta formation of a web formed on the roll-and-blade former, as contrasted to 
that of a web formed in a C-wrap type former having a suction forming roll or a plain-surfaced 
forming roll, is substantially constant at speed differentials (V jtt - on the order of from 
about -200 m/min to about +250 mfain. The possibility of forming tissue webs that in addition 
5 to very satisfactory formation have high MD/CD tensile ratios, L e. tensile ratios in the range of 
2 - 5, is of great interest in manufacturing a majority of various tissue products, and the 
utilization of speed differentials is the prevailing method of obtaining high MD/CD tensile 
ratios. A comparison of Rgs. 3 and 4 with Figs. 5 and 6 clearly indicates that in case the webs 
are formed from recycled fibers instead of virgin fibers the advantages of the present invention 
10 over prior art methods are still more pronounced. Consequently, the method of the present 
invention may also be characterized as being very insensitive to changes in freeness value. 

Fig. 7 is a graph illustrating the slight increase in beta formation with increasing basis 
weight of a web formed on the ron-ancH>lade former, as contrasted to that of a web formed in a 
C-wrap type former having a suction forming roll or a plain-surfaced forming roll As pointed 
15 out above, beta formation is the standard deviation in basis weight, and a low value is better 
than a high one. The beta formation was measured on uncreped webs having an MD/CD tensile 
ratio of 2 to 4 after creping and consisting essentially of virgin fibers. Even at a basis weight of 
about 28 g/m 1 . a web formed in accordance with the present invention on a roll-and-blade 
former has a beta formation that is better than that of a web of a basis weight of about 20 g/m 1 
20 formed on a conventional C-wrap former having a suction forming roIL As is obvious from Fig. 
7, the method according to the present invention is advantageous over large basis weight range. 

Figs. 8 and 9 are graphs illustrating the variations in tensile efficiency with varying speed 
differentials and varying MD/CD tensile ratios, respectively. The term "tensile efficiency- 
means the "tensile index" of the web sample expressed as a percentage of that of a laboratory 
25 sheet prepared from machine chest stock in accordance with standardized test procedure TAPPI 
T-205 (SCAN-C 26:76 or SCAN-M 5:76), and the process for determining the tensile index is 
described in TAPPI T-220 (SCAN-C 28:76 or SCAN-M 8:76). Tne test results illustrated in 
Figs. 8 and 9 relate to samples of tissue webs consisting essentially of virgin fibers and having 
a basis weight of 20 g/m\ and the tensile efficiency values are measured on uncreped web 
30 samples. Also in this case the open square dots represent measured values relating to tissue 
webs formed in a roll-and-blade twin wire tissue former of the kind shown in Fig. 1, while the 
solid square dots represent measured values relating to webs formed in a conventional C-wrap 
twin wire tissue former having a suction forming roll, and the two-digit decimal numbers 
against the individual dots indicate the MD/CD tensile ratios after creping of the various web 
35 samples. As is evident from Figs. 8 and 9, the improvement in tensile efficiency of webs 




PCT/SE94/00463 

WO 94/28242 H 

t 

11 

formed in accordance with the present invention over those formed in a conventional C-wrap 
twin wire tissue former having a suction forming roll is substantial 

Fig. 10 is a graph fflustrating layer purity of a three-layer web having a basis weight of 
215 g/m 1 and formed in accordance with the present invention. The basis weight split is 30 % 
5 hardwood, 40 % softwood, and 30 % hardwood (eucalyptus). Contrary to what could be 
expected, the layer purity is fully comparable to the one obtained in a conventional twin wire 

roll type tissue former. 

Summarizing the advantages of the forming method according to the present invention 

we get the following: 

Formation 

As demonstrated above, an improved. formation can be achieved. A good formation rs a 
prerequisite for achieving the desired softness of the web, and for achieving a uniform 
permeability of the web. A uniform permeability is essential when using through air drying 
(TAD) technology for drying the web. Further, an improved formation results in an improved 
i5 runnabflity of the tissue machine, since also the uniformity of the yankee dryer coating will be 
improved. 

Alternatively, the ability of the roll-and-blade former to improve the formation can be 
utilized to maintain an already satisfactory formation and to start the forming of the web by 
ejecting a stock jet of a consistency higher than usual from a headbox having a slice opening of 
20 reduced gap width. The use of a higher consistency means that less water will have to be 
drained from the stock to form the web, and less energy for pumping will be required. 

Formation/Tensile Ratio 
As stated above, the beta foimation of a web formed on the roll-and-blade former is 
substantially constant at speed differentials (V^ - on the order of from about -200 m/mm 
25 to about +250 rn/mir, The utilization of speed differentials is the prevailing method of 

obtaining high MD/CD tensile ratios. The possibility of forming tissue webs that in addition to 
very satisfactory formation have high tensile ratios, i. e. tensile ratios in the range of 2 - 5, is of 
great interest in manufacturing a majority of various tissue products and is a major advantage of 
the present invention. On conventional twin wire roll formers the formation starts to deteriorate 
30 already at lower tensile^ ratios, so that it is necessary to accept a less good formation in order to 
reach the desired high tensile ratios. 

Tensile Strength 

An improved formation always generates a higher tensile strength. The reason therefor is 
that the fibers are utilized more efficiently. Higher tensile strength means higher tensile 
35 efficiency, which, if desired, can be used for reducing the refining of the pulp or the proportion 



• A PCT/SE94/00463 

12 

of long fibers in the stock, and a softer web of higher quality can be achieved Less refining 
also means improved draining and drying capacities of the tissue machine. 

Basis Weight Range 
The method in accordance with the present invention of forming a web on a 
5 roll-and-blade former enables a tissne mannfactorer to produce high quality tissue paper wmnn 
a very large lange of basis weights. One design of the multiblade hydrofoil, such as the 
nine-blade two-compartment hydrofoil illustrated in Hg. 2. is sufficient for permitting the 
forming of webs having basis weights ranging from about 13 g/m* to about 50 g/m . Above 
50 g/m> it is recomtnendable to add a compartment with additional blades, and with uncreped 
10 webs having basis weights lower than about 13 g/m' you have the problems of fonnauon of 
pinholes in the web like in conventional suction roll formers. 

The forming method according to the present invention is very insensitive to changes m 
freeness value. The advantages referred to above are achieved when the papermakmg fibers 
consist essentially of virgin fibers as when they consist essentially of recycled fiber, In fact, 
15 ^ vantages achieved when the webs are formed from recycled fibers appear to be more 
pronounced than when they are formed from virgin fibers. 

Mulrflayering and Retention 
The roll-and-blade former used for carrying out the method in accordance with the 
present invention unexpectedly generates as good layer purities and retention levels as does .the 
„ conventional genuine roll former. The reason herefor is 

the multiblade hydrofoil we stiU drain nearly all of the drainable water on the fornnng rolL We 
teave just from about 1 % to about 10 % preferably from about 1 % to about 2 %, of the 
drainable water to be drained on the multiblade hydrofoil, where the vibration or pressure 
pulses brought about by the blades causes a small scale agitation of the fibers until the 
25 remaining water is insufficient for v^toa-***^^™.**? 
rdative to one another. The small amount of water left at the hydrofoil is suffice* for 
permitting agitation of the fibers to improve the formation, but is too small to let the vibranons 
or pressure pulses deteriorate the layer purity or shake any appreciable amount of fines and 
fibers out of the web. 

Drainage on blades is known to be detrimental to layer purity and retention, but our nsmg 
the multiblade hydroM almost exclusively as a formation improving element and only to a 
very minor extent as a draining element is a keystone of the present invention. 

Process Optimization and Drainage 

■Ot talnnce tewoen «n>inage on the taming roll and drainage on the nmfcibtefc 
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roll. However, ^ . sucto fonni^ roB i. b pos^le » ^ ^ ^ » »™ ^ ^ 
^ng the vacuum level in the suction - «* * ^ W * 

^ furnish are dan*, for . optimum magnitude of the wrap angle, which is sc. from the 
bo. a fae-omw of the drainage balance can be carried om b, adjusting the vacuum level An 

^ forming fabric arc mounfcd to be pivotable as one assembly an- the national n of «. 
togekate e a* sufficient witho*^ 

forming roll is ^ed. I. wrap angle is abou, on. nurd of that quired *>HMM-I 

10 roll is used. 

DETAILED DESCRIPTION OF OTHER PREFERRED EMBODIMENTS 
Hts U to 14 show ahemauve embodiment, of roH-and*bde twin wire tissue formers. 
However, . mese embodiments have much in common with mat shown in Figs. I and , 
„ .bove.tr* ^ponding ih^ in Hgs. II to 14 have been given reference » me 100 to 4N 

series respectively. E g. the mwublade hydrofoil, which is denoted by 7 in Fig. I. ts 
aedgnaed ..7 m Eg. It W h Hg. II 307 in Hg. 13. and **> m *• Similany, me 
hcadbox mat is ducted b, 2 in F*l is design^ 1.2 in Hg. 11. » in Hg. tt 

13, and 402 in Hg. 14. . 
„ Tteenbodin^.iltos^mHg.lldiffersfromftat^ 

rnuWbWe hydrofoil 107 is positioned on me oppose side of me fabrie-wee-fabnc sand^ch 
„* con*aa<mtly. is Ux*ed inside me loop of une inner forn^ fab* 1.4 mta»d cfi-ie 
me toop of the outer forming fabric This mbodimen. give. the smne advanmges as the one 

showoinFig. 1,^^™^*^^*'*"™°**°*'°*' 
25 107 between the forming roll 101 and the second roll 106. 

Figs 12 ad 13 ** tnat the roll rypetmn wire tissue former to be modified by the 
i^cn therein of a muWbWe hydrofoil basically does no. have to be a C^mp former but 
May M .ell be of a We generally known as a S-wrap former. In an S-wrap former, me 
forming roil 2.1 o, 3.1 is k~l inside a fabnc ioop, which in me previous embodiment was 
» formed by me outer forming fabric 3 b»t now consumes the inner forming fabnc 203 and 3.3, 
respectively, and the second roD 206 or 306 will men be locked inside me loop, which m the 
previous embodiments was formed by the inner forming fabnc 4 but now constitutes the o-er 
forming fabric 2.4 and 3.4, respectively. As illu,T».ed in Figs. 12 and 13, the muUiblade 
• bydW.il 2.7 and 3.7, redely, is placed downsheam of the forming roll bu, upsuemn of 
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the second roll, and inside either the outer fabric loop as shown in Fig. 12 or the inner fabric 

loop as shown in Fig- 13. 

Fig. 14 illustrates an embodiment, in which the roll type twin wire former shown in Fig. 

11 and having a substantially vertical forming zone is modified by rotating substantially the 
entire configuration on the order of 90" so as to make the forming zone substantially horizontal 
and the outer forming fabric 403 a top fabric. The multiblade hydrofoil 407 is placed inside the 
loop of the inner or bottom forming fabric 404 and between the forming roll 401 and the 
second roll 406. 
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CLAIMS 



1. A method of forming a tissue paper web (W) in a twin wire former having a 
rotatable forming roll (1), said method including the steps of: 

a) injecting a jet consisting essentially of an aqueous slurry of papermaking fibers into 
a converging forming throat (5) formed between two looped forming fabrics (3 and 
4) as they first converge to meet on a periphery of the rotatable forming roll (1) 
and then partially wrap the forming roll periphery; 

b) sandwiching the aqueous slurry between the two forming fabrics (3; 4) and 
draining water from the slurry through at least one of them as they partially wrap 

the forming toll periphery; 

c) cordmring the draining, and (taming a sufficient proportion of water from the 
slurry to cause the papermaidng fibers to form a fibrous web (W); 

d) running the two forming fabrics (3; 4) with the papermaidng fibers sandwiched 
. between them up to and around a section of a second roll (6); and 

e) separating one (3) of the two forming fabrics (3; 4) from the formed fibrous web 
(W) and the other forming fabric (4) no earlier than on said second roll (6); 

said method being characterized by 

f) draining substantially all drainable water from the slurry while in a zone (Z) 

0 curving along the periphery of the forming roll (1) up to where the two forming 

fabrics (3; 4) run off from the forming roll periphery, but leaving a sufficient 
proportion of drainable water to have a substantial amount of the papermaking 
fibers free in the slurry during an initial phase of step g); and 

g) draining, downstream of said rone (Z), the left proportion of drainable water from 
a the slurry while vibrating the slurry sufficiently to create a micro-turbulence 

causing a small scale agitation of the fibers to prevent them from forming any 
appreciable fibrous web until the water remaining in the slurry is insufficient for 
allowing the fibers to substantially change their position relative to one another. 

30 2. A method as claimed in claim 1, characterized by vibrating the slurry at a 

frequency of at least 100 Hz. 

3. A method as claimed in claim 2, characterized by providing a multiblade 
hydrofoil C7) at a location downstream of the forming roll (1) but upstream of the second roll 
35 (6), said hydrofoil (7) having a plurality of equidistantiy spaced foil blades (8) of equal size for 
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contacting a contiguous one (4) of the forming fabrics (3; 4) and deSning a substantially 
, eerily curved surface supporting said one forming fabric (4), and vibrating the slurry by 
directing one of the forming fabrics (3; 4) across said foil blades (8). 

5 4 . A method as claimed in claim 3, characterized by said multiblade hydrofoil (7) 

having at least four foil blades (8) disposed on a center to center spacing on the order of 50 to 
330 mm. 

5 A method as claimed in claim 3 or 4. characterized by disposing the multiblade 
10 hydrofoil (7) within the loop of the forming fabric that constitutes an outer forming fabric (3) 
relative to the forming roll (1) and the other forming fabric (4) in the twin wire former, while 
me second roll (6) being disposed within the loop of the inner forming fabnc (4). 

6 A method as claimed in claim 5, characterized by providing as forming roll a 
« suction forming roB (1). and draining the s hw in ^ f) ^ugh bom of u« fornm.g f abncs 



(3; 4). 



7 A method as claimed in claim 6, characterized by running the outer forming 
fabric (3) over the suction forming roll (1) so as to provide a wrap angle (a) of the outer 

20 forming fabric (3) on the suction forming roll (1) on the order of 15" to 45". 

8 A method as claimed in claim 6, characterized by providing a headbox (2) for 
discharging the slurry into the forming throat (5), providing a breast roll (22) for the outer 
forming fabric (3) immediately upstream of me forming throat (5), and swinging me headbox 

* (Z) and the breast roll (22) as one assembly around a rotational axis of the fonning roll (1) to 
adjust the degree of wrap (angle a) of the outer fonning fabric (3) on the fonning roll (D, and 
thereby also the proportion of drainable water drained from the slurry at the fonning roll (1). 

9 A method as claimed in any one of claims 3 to 8, characterized by "setting the 
30 sheet- at the passage of the sandwiched papermaking fibers past the multiblade hydrofoil (7). 

i 

a 

said » (Z) tan *~ 90 * • — » * «—* *- «*■>** » * * "* 

drainable water from the slurry. 
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